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METHOD AND APPARATUS FOR CORE 
ALIGNMENT BETWEEN OPTICAL 

COMPONENTS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method and an appa 
ratus for core alignment betWeen optical components to 
align a pair of optical components (including discrete com 
ponents and so-called optical modules being composed of a 
plurality of components). 

2. Related Background Art 
In general, high precision is required for alignment 

betWeen a pair of optical components. 
For example, a core diameter of a single-mode optical 

?ber for use in optical communications is in a range from 
about 3 to 8 pmq). MeanWhile, focus spot siZes of a semi 
conductor laser Which is a light source and of a condenser 
lens are also extremely small that the diameter is several 
micrometers. Accordingly, high precision is required for the 
core alignment betWeen these optical components. Usually, 
When light from a semiconductor laser is optically coupled 
to a single-mode optical ?ber, margins of errors to suppress 
a coupling loss doWn to —0.5 dB or thereabout are: approxi 
mately :1 pm in a perpendicular direction to an optical axis; 
approximately :10 pm in a horiZontal direction; and 
approximately 105° in terms of angular deviation. 

In the meantime, the same degree of precision is also 
required for the core alignments betWeen a semiconductor 
laser and a Waveguide and betWeen an optical ?ber and a 
Waveguide. 

Conventionally, the core alignment of optical components 
has been performed as folloWs: detecting light emitted from 
a ?rst optical component and introduced to a second optical 
component With a photodetector; amplifying an output of 
this photodetector With ampli?cation means; and adjusting 
relative positions betWeen the ?rst and second optical com 
ponents based on the output of the ampli?cation means. 
Various methods of the core alignment, Which include the 
technologies described later, have been proposed. HoWever, 
a linear ampli?er is used as the ampli?cation means for any 
of the conventional methods of the core alignment. 

In a typical conventional method of the core alignment, a 
tip of an optical ?ber is scanned relative to a focus spot of 
a semiconductor laser by use of an XYZ stage to serially 
trace a position of a stronger signal. As a method for 
achieving such a scan in a short period of time, there is a 
typical method including the steps of: performing spiral 
scanning to detect a range Where given signal intensity is 
obtained; and ?nding an optimum point after detection of the 
range by stepWise tWo-dimensional or three-dimensional 
scanning called a hill-climbing method. 

MeanWhile, Japanese Patent Application Laid-Open No. 
6-265759 (Japanese Patent Publication No.7(1995)-113694) 
discloses an automatic optical axis alignment apparatus for 
automatically aligning a pair of optical ?bers by: circulating 
a tip of an optical ?ber by use of a pieZoactuator designed 
to scan along a direction displaced by 90°; and detecting a 
shift of an optical axis in terms of tWo X and Y directions by 
phase detection. 

SUMMARY OF THE INVENTION 

HoWever, the conventional technologies using both spiral 
scanning and the hill-climbing method have a problem that 
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2 
a time period in a range from 40 seconds to several minutes 
is required for searching because (a) a time period for 
several tens of seconds is required for detecting the range 
Where the given signal intensity is obtained by spiral 
scanning, and (b) the hill-climbing method is conducted 
While judging an increase or a decrease in the signal in each 
step of scanning. 

Moreover, optical intensity distribution does not alWays 
have an ideal gradient. In other Words, there may be a spot 
Where the gradient of optical intensity is locally reversed. 
For example, When light from a semiconductor laser is 
focused With a lens, optical intensity distribution does not 
generally constitute ideal Gaussian distribution because of 
distortion of a beam from the semiconductor laser, aberra 
tion or interference of the lens, and the like. Instead, actual 
optical intensity distribution may frequently ?uctuate locally 
relative to the foregoing distribution. Such a tendency is apt 
to occur typically in a region of loW optical intensity Which 
is distant from a focal spot. Therefore, a peak point cannot 
be determined by a method of tracing the strongest point of 
the signal, such as the conventional methods represented by 
the hill-climbing method. This incapability of determination 
has been a cause of increasing the time period for the core 
alignment. 

Furthermore, the conventional technologies employing 
both spiral scanning and the hill-climbing method detects 
the range Where the given signal intensity is obtained by use 
of the signal that is processed by amplifying the output of the 
photodetector With the linear ampli?er. Accordingly, the 
range of optical intensity monitorable by the signal ampli 
?ed With the linear ampli?er is extremely limited. Therefore, 
a long time period has been required for detecting the range 
Where the given signal intensity Was obtained. 

The conventional technology disclosed in Japanese Patent 
Publication No. 7(1995)-113694 performs phase detection 
of the output of the photodetector While using a drive signal 
of the pieZoactuator as a reference signal, thereby detecting 
the shift of the optical axis in terms of tWo directions X and 
Y. HoWever, since the linear ampli?er is employed, XY-axis 
scanning takes time for obtaining the signal intensity at a 
suf?cient level for the phase detection With a lock-in ampli 
?er. Moreover, the conventional technology disclosed in the 
Japanese Patent Publication No. 7(1995)-113694 only 
attains alignment merely in the XY-axis direction (the 
in-plane direction orthogonal to the optical axis), and there 
fore does not contribute to alignment along the direction of 
the optical axis. Hence, for example, in the case of alignment 
betWeen a light source module composed of a semiconduc 
tor laser and a condenser lens, and an optical ?ber, it is 
impossible to adjust a direction of a focal spot (a Z axis) 
promptly. 

The present invention has been made by taking account of 
the foregoing problems. It is an object of the present 
invention to provide a method and an apparatus for core 
alignment betWeen optical components, Which are capable 
of performing prompt alignment betWeen the optical com 
ponents. 
As a result of researches and studies, the inventors of the 

present invention discovered, by carefully investigating 
three-dimensional optical intensity distribution When per 
forming the core alignment betWeen optical components, 
that one-dimensional optical intensity distribution in the 
three-dimensional space contains extremely useful informa 
tion Which can be used for prompt alignment betWeen the 
optical components While minimiZing conventionally req 
uisite searching operations. Moreover, the inventors 
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discovered, by carefully investigating the three-dimensional 
optical intensity distribution When performing the core 
alignment betWeen optical components, that the use of a 
logarithmic ampli?er as ampli?cation means for amplifying 
an output of a photodetector is most suitable for expanding 
the three-dimensional space Where the optical intensity can 
be monitored as a signal in response to a distribution 
characteristic thereof. If it is possible to expand the three 
dimensional space Where the optical intensity can be moni 
tored as a signal, the time period for the core alignment can 
be remarkably shortened than before in combination With 
any conventional core alignment technologies. Furthermore, 
especially When the use of a logarithmic ampli?er and the 
obtainment and use of the one-dimensional optical intensity 
distribution are adopted simultaneously, effects of adapta 
tion of the tWo technologies are exerted synergically, 
Whereby the time period for the core alignment can be 
considerably shortened than before. 

The present invention has been achieved as a consequence 
of the researches and studies by the inventors as described 
above. 
Amethod for core alignment betWeen optical components 

according to the present invention is a method for core 
alignment betWeen optical components for adjusting relative 
positions betWeen ?rst and second optical components. 
Herein, ampli?cation means is used for amplifying an output 
of a photodetector con?gured to detect light being emitted 
from the ?rst optical component and introduced to the 
second optical component. Moreover, the method includes: 
an optical intensity distribution obtaining step of subjecting 
said ?rst and second optical components relatively to recip 
rocal scanning by repeating one-dimensionally concerning 
one axis and obtaining one-dimensional optical intensity 
distribution of the one axis based on the output of the 
ampli?cation means obtained in accordance With the recip 
rocal scanning; and a position adjusting step of adjusting the 
relative positions betWeen the ?rst and second optical com 
ponents based on the one-dimensional optical intensity 
distribution obtained in the optical intensity distribution 
obtaining step. 

In the method for core alignment betWeen optical com 
ponents according to the present invention, the one 
dimensional optical intensity distribution of the one axis is 
obtained relatively by subjecting the ?rst and second optical 
components to reciprocal scanning by repeating one 
dimensionally concerning the one axis, and the relative 
positions betWeen the ?rst and second optical components 
are adjusted based on this optical intensity distribution. In 
this Way, position adjustment is performed by utiliZing the 
one-dimensional optical intensity distribution in a lump 
unlike the conventional technologies. Accordingly, it is 
possible to reduce redundant operations for searching sig 
nals and to perform prompt alignment betWeen the optical 
components. Moreover, since the position adjustment is 
performed by utiliZing the one-dimensional optical intensity 
distribution in a lump, it is possible to reduce adverse affects 
considerably, Which are attributable to failure of the optical 
intensity distribution to form ideal Gaussian distribution and 
resultant local ?uctuation in actual optical intensity distri 
bution relative to the foregoing distribution. 

Moreover, in the present invention, it is preferable to 
alloW the ampli?cation means to perform logarithmic ampli 
?cation. In this case, since the output of the photodetector is 
logarithmically ampli?ed, it is possible to considerably 
expand a three-dimensional space Where the optical intensity 
can be monitored as a signal. For example, it is possible to 
detect a change in signal intensity ranging in six digits in real 
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4 
time Without gain sWitching. Accordingly, it is possible to 
conduct adjustment relative to a three-dimensional shift 
betWeen a focal spot and an incident point While monitoring 
signal intensity in a Wider space, Which is three or more 
times larger in area in terms of the respective axes and about 
thirty times larger in volume as compared With the case of 
using linear ampli?cation. In this Way, it is possible to 
considerably expand the space capable of effectively obtain 
ing the one-dimensional optical intensity distribution by 
using the logarithmic ampli?cation in addition to the use of 
the one-dimensional optical intensity distribution. 
Accordingly, the effects of the both technologies are exerted 
synergically and effectuate further reduction in the time for 
the core alignment. 

MeanWhile, in the present invention, it is preferable that 
the ampli?cation means is alloWed to perform logarithmic 
ampli?cation before the relative position approaches a core 
alignment position, and that the ampli?cation means is 
alloWed to perform linear ampli?cation after the relative 
position has approached the core alignment position. In this 
case, a signal based on the logarithmic ampli?cation is used 
before approaching the core alignment position, and a signal 
based on the linear ampli?cation is used after approaching 
the core alignment position. Accordingly, it is possible to 
further enhance precision in the core alignment by using the 
linear ampli?cation Which facilitates detection of a signal 
change in a narroWer range in the vicinity of the core 
alignment position as Well as gaining an advantage of 
performing the logarithmic ampli?cation. 

MeanWhile, in the present invention, it is preferable that 
the position adjusting step further includes the steps of: 
obtaining any of an integral value and an average value in a 
given range of the optical intensity from the one 
dimensional optical intensity distribution; moving a central 
position of the reciprocal scanning to a given direction being 
approximately perpendicular to an optical axis of the light 
emitted from the ?rst optical component; and stopping 
movement to the given direction at any of a position Where 
any one of the integral value and the average value becomes 
the maximum and a position in the vicinity thereof. In this 
case, the integral value or the average value of optical 
intensity is obtained from the one-dimensional optical inten 
sity distribution and is used. Accordingly, it is possible to 
approximate the relative position of the optical component 
to the core alignment position in terms of the given direction 
even if there is not the core alignment position Within the 
range of the reciprocal scanning. Moreover, since the inte 
gral value or the average value is used therein, it is possible 
to considerably reduce adverse affects, Which are attribut 
able to failure of the optical intensity distribution to form 
ideal Gaussian distribution and to resultant local ?uctuation 
in actual optical intensity distribution relative to the fore 
going distribution. Note that the given direction of moving 
the central position of the reciprocal scanning and the 
direction of the reciprocal scanning may agree or disagree. 

MeanWhile, in the present invention, it is preferable that 
the position adjusting step further includes the steps of: 
obtaining any of a peak value and a given ratio Width of the 
optical intensity from the one-dimensional optical intensity 
distribution; moving a central position of the reciprocal 
scanning to a given direction; and stopping movement to the 
given direction at any of a position of any one of a point 
Where the peak value becomes the maximum and a point in 
the vicinity thereof, and a position of any one of a point 
Where the given ratio Width becomes the minimum and a 
point in the vicinity thereof. In this case, adjustment in the 
given direction is performed based on the peak value or the 
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given ratio Width. Accordingly, it is particularly effective for 
?ne adjustment When the relative positions of the ?rst and 
the second optical components approach the core alignment 
position. 

Herein, the given ratio Width is a Width of a one 
dimensional optical intensity distribution Waveform at a 
level declined by the given ratio from the peak value. If 50% 
is adopted as the ratio, the given ratio Width is equal to a half 
Width. Note that the ratio is not limited to 50%, and any 
appropriate values such as 40% and 60% are applicable 
thereto. Moreover, the given direction of moving the central 
position of the reciprocal scanning and the direction of the 
reciprocal scanning may agree or disagree. For example, the 
given direction may be the direction approximately coincid 
ing With a direction of an optical axis of the light emitted 
from the ?rst optical component, or may be an approxi 
mately perpendicular direction to the foregoing direction. 

Incidentally, as a result of researches by the inventors, it 
has been clari?ed that if the central position of the reciprocal 
scanning is moved to a direction approximately coincident 
With the direction of the optical axis While offsetting the 
central position of the reciprocal scanning to the perpen 
dicular direction to the direction of the optical axis, the 
central position becomes closest to the core alignment 
position Where any of the integral value, the average value, 
and the peak value of the optical intensity becomes the 
minimum. 

Accordingly, in the present invention, it is preferable that 
the light emitted from the ?rst optical component is light to 
be focused on a focal spot, and that the position adjusting 
step further includes the steps of: obtaining any one of an 
integral value, an average value, and a peak value of optical 
intensity from the one-dimensional optical intensity distri 
bution; and moving a central position of the reciprocal 
scanning to a ?rst direction While offsetting the central 
position to a second direction being approximately perpen 
dicular to the ?rst direction approximately coincident With a 
direction of an optical axis of the light emitted from the ?rst 
optical component and stopping the movement to the ?rst 
direction at any of a position Where any one of the integral 
value, the average value, and the peak value becomes the 
minimum and a position in the vicinity thereof. Herein, the 
direction the reciprocal scanning may agree or disagree With 
the ?rst direction or the second direction. 

MeanWhile, in the present invention, it is preferable that 
the position adjusting step further includes the steps of: 
obtaining any of a peak value and a given ratio Width of the 
optical intensity from the one-dimensional optical intensity 
distribution; moving a central position of the reciprocal 
scanning to a given direction approximately perpendicular to 
a direction of an optical axis of the light emitted from the 
?rst optical component; and stopping the movement to the 
given direction at any of a position Where any one of the 
peak value and the given ratio Width becomes a given value 
and a position in the vicinity thereof. 

For example, a point Where an emitting end and an 
incident end coincide becomes an ideal core alignment 
position for the core alignments betWeen a Waveguide and 
an optical ?ber or betWeen a Waveguide and a semiconduc 
tor laser. HoWever, if the emitting end and the incident end 
contact With each other upon adjustment, an end face of the 
component may be scratched, and the core alignment may be 
deviated. Therefore, it is necessary to stop the movement of 
the optical component to the direction of the optical axis 
When a gap betWeen the emitting end and the incident end 
reaches a given amount at a ?nal stage of the core alignment. 
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6 
Conventionally, there is an example of measuring such a gap 
by optical means from the perpendicular direction to the 
optical axis. HoWever, such measurement is not easy if this 
gap is several micrometers, because of adverse effects such 
as interference or structural distortion in the perpendicular 
direction to the gap. On the contrary, as a result of researches 
and studies, the inventors discovered that the peak value and 
the given ratio Width is in correlation With the gap. 
Accordingly, it is possible to set the gap With high precision 
Without using a particular gap measuring means by stopping 
the movement of the optical component to the direction of 
the optical axis at the position Where the peak value or the 
given ratio Width reaches the given value, in other Words, 
When the gap reaches the given amount. 

For example, in the case of performing the core alignment 
betWeen a ribbon ?ber and a Waveguide device having a 
plurality of Waveguide end portions arranged linearly on an 
end face, it is necessary to match inclinations of both of the 
components around the optical axis. The inventors discov 
ered that it is also possible to adjust such inclinations around 
the optical axis based on the one-dimensional optical inten 
sity distribution. 

Accordingly, a method for core alignment betWeen optical 
components according to the present invention is a method 
for core alignment betWeen optical components for adjusting 
relative positions betWeen ?rst and second optical compo 
nents. Herein, the ?rst optical component includes a plural 
ity of regions being arranged on an approximately straight 
line and capable of respectively emitting light mutually 
parallel along an optical axis, and the second optical com 
ponent includes a plurality of regions being arranged on an 
approximately straight line and capable of respectively 
alloWing light to be incident. Moreover, at least tWo pieces 
of ampli?cation means are used for amplifying outputs 
corresponding to at least tWo photodetectors for respectively 
detecting light being respectively emitted from at least tWo 
corresponding regions from the plurality of regions of the 
?rst optical component and respectively introduced to at 
least tWo corresponding regions from the plurality of regions 
of the second optical component. Herein, the method 
includes: an optical intensity distribution obtaining step of 
subjecting the ?rst and second optical components relatively 
to reciprocal scanning by repeating one-dimensionally con 
cerning one axis and obtaining the one-dimensional optical 
intensity distribution concerning the one axis for each output 
respectively based on each of the outputs of at least the tWo 
pieces the ampli?cation means obtained in accordance With 
the reciprocal scanning; and a position adjusting step of 
adjusting the relative positions betWeen the ?rst and second 
optical components based on the respective pieces of the 
one-dimensional optical intensity distribution obtained in 
the optical intensity distribution obtaining step so as to 
reduce a variation of peak positions of the respective pieces 
of the one-dimensional optical intensity distribution. 

In the method for core alignment betWeen optical com 
ponents according to the present invention, it is possible to 
perform prompt adjustment of the relative positions betWeen 
the ?rst optical component having the plurality of regions 
being arranged on the approximately straight line and 
capable of respectively emitting light mutually parallel 
along the optical axis, and the second optical component 
having the plurality of regions being arranged on the 
approximately straight line and capable of respectively 
alloWing the light to be incident. 
A method for core alignment betWeen optical components 

according to the present invention is a method for core 
alignment betWeen optical components for adjusting relative 








































